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It is demonstrated that laser desorption ion trap mass spectrometry (LD-ITMS) can be 
successfully applied to the chemical analysis of a monolayer of adsorbates on a solid surface. 
Negative ion spectra obtained from LD-ITMS of self-assembled monolayers adsorbed from 
solutions of alkanethiols (CH,(CH,),SH with n = 5, 9, and 15) onto polycrystalline gold 
surfaces displayed clear ion peaks corresponding to the sulfonate adsorbate species. Sul- 
fonate ions with the general formula CH,(CH,),SO, were detected at m/z 165, 221, and 
305, respectively, and were derived from the partial oxidation of the corresponding alkane- 
thiol self-assembled monolayers. Little fragmentation and no clustering was observed in 
these mass spectra. These results indicate that the sensitivity of LD-ITMS is sufficient to 
allow its application to a wide array of problems in surface science. (I Am Sot Mass Spectrorrr 
1993, 4, 968-970) 
L 
aser desorption mass spectrometric analysis of 
monolayer coverages of adsorbates has been pre- 
viously achieved with quadrupole, time-of-flight, 
and Fourier transform ion cyclotron resonance instru- 
ments [l, 21 (see ref 1 for a series of articles on surface 
analysis via laser desorption mass spectrometry). The 
former two instruments have the advantage of experi- 
mental simplicity, whereas the latter allows tandem 
and higher order mass spectrometric analyses (MS”), 
which are of particular utility in the chemical identifi- 
cation of complex organic surfaces. However, the high 
magnetic fields associated with ion cyclotron reso- 
nance instruments interfere with the electron spec- 
trometers typically present in multiprobe surface anal- 
ysis systems. 
Ion trap mass spectrometers should be ideal for 
integration into surface analysis systems given their 
lack of magnetic fields, small size, high mass range, 
MS” capability, high sensitivity, and potentially high 
mass resolution [3]. Ion trap mass spectrometers have 
been used in a variety of configurations (31, including 
many with ion or laser desorption for the analysis of 
solids or thick films [4-91. We show here that laser 
desorption ion trap mass spectrometry (LD-ITMS) can 
also be successfully applied to the chemical analysis of 
a monolayer of adsorbatcs on a solid surface. 
Experimental 
An ion trap mass spectrometer was constructed by 
removing the electrodes from a commercially available 
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ion trap detector (ITD 700, Finn&an MAT, San Jose, 
CA) and mounting them inside a diffusion-pumped 
vacuum chamber. A 6 kV conversion dynode was 
placed adjacent to the electron multiplier near the exit 
endcap electrode. Ions were formed by LD from the 
sample located - 1.5 cm away from the endcap and 
were axially injected through the endcap into the trap, 
which contained - 10m4 torr of helium buffer gas [6]. 
We used the standard mass-selective ejection scan se- 
quence for these experiments: the radiofrequency po- 
tential on the ring electrodes was a few hundred volts 
during ion injection, and the sample and endcaps were 
always at ground potential. The timing and data col- 
lection were controlled by custom software with multi- 
function data acquisition boards (National Instru- 
ments) mounted in an 80386/AT microcomputer. 
The fourth harmonic output (266 nm) from an 
Nd:YAG laser (Continuum, Surelite) was focused onto 
the samples with power densities of 106p107 W/cm’. 
The laser power density was calculated by visual esti- 
mation of the laser spot size and measurement with a 
pyroelectric joulemeter (Molectron). 
The commercially available gold substrates used 
here (Sycon Instruments) were etched in our lab with 
dilute aqua regia (3:1:6 HCl:HNO,:H,O) [lo], rinsed 
with deionized water and absolute ethanol, then 
immersed overnight in 1 mM ethanol solutions of 
hexanethiol (Aldrich, 96%, Aldrich Chemical Co., 
Milwaukee, WI), decanethiol (Aldrich, 96%), or 
hexadecanethiol (Aldrich, 92%) to prepare the self- 
assembled monolayers (SAMS) 1111. The gold sub- 
strates were removed from solution the following day, 
rinsed with ethanol, and air dried. 
After mounting a SAM sample in the vacuum 
chamber, the system was pumped down to a pressure 
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<6 x 10s7 torr. The laser power was adjusted to a 
point just below the threshold for ablation of the gold 
substrate, as monitored by Au- production. After their 
injection into the trap, the ions were held for a few 
hundred milliseconds before being mass selectively 
ejected and detected [12]. Ion signals from 20 to 30 
laser shots (scan sequences) were summed to generate 
a mass spectrum, where the sample was rotated to an 
unexposed portion of the surface for every laser shot. 
The summed spectra were then subjected to second- 
order fast Fourier transform smoothing (Spectra Calc, 
Galactica Industries) to remove statistical noise. 
Results and Discussion 
Figure 1 shows three mass spectra displaying different 
alkanesulfonate negative ion peaks desorbed from the 
gold surfaces, depending upon the length of the poly- 
methylene chain. Sulfonate ions with the general for- 
mula CH,(CH,),SO; (n = 5, 9, and 15) were de- 
tected at pn/z 165, 221, and 305, respectively, from the 
SAMs prepared from alkanethiols of the same chain 
length. These sulfonate negative ions derived from the 
CH,(CH,),SO, adsorbate, which forms as the result of 
partial oxidation of the alkanethiol [Z, 131, as will be 
discussed below. All spectra displayed a HSOL ion 
peak at m/z 97. No other fragments or higher mass 
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Figure 1. Negative ion mass spectra displaying alkanesulfonate 
ion peaks from SAlvIs prepared from CH,(CH,),SH with n = 5 
(bottom spectrum), 9 (middle spectrum), and 15 (top spectrum) 
DII gold. 
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ions (up to m/z 650) were observed from any of the 
SAMs. Ablation of the gold surface leads to the ap- 
pearance of a Au- peak at m/t 197 in the hexanesul- 
for&e spectrum (bottom). This ion has occasionally 
been observed from the other surfaces as well, depend- 
ing upon the exact laser power. 
Previous spectra obtained using 193 nm LD of al- 
kanethiol monolayers into an ion cyclotron resonance 
mass spectrometer detected both thiolate (RS-) and 
sulfonate (RSO;) ions [z]. With 266 run laser pulses, 
we were unable to detect either thiolate or sulfonate 
ions from freshly prepared samples, but sulfonate ions 
were observed in the spectra after the samples were 
allowed to oxidize in air for at least 6 hours before 
analysis. It has been estimated that this oxidation pro- 
cess leads to formation of a sulfonate surface concen- 
tration of less than a few percent [2]. We attribute our 
inability to detect the thiolaie ions solely to the longer 
wavelength of our laser compared with that used pre- 
viously. The higher sensitivity of LD for the sulfonates 
compared with the thiols has been attributed to the 
higher gas-phase acidity of sulfonic acids (for RSO,H 
+ R.SO,+ H+ AG” - 314 kcal/mol) than for the cor- 
responding thiols (AG” - 350 kcal/mol) [21. Our in- 
ability to detect RSO; or HSO; ions on samples 
which have not been oxidized in air is also in agree- 
ment with the literature [2, 131 and indicates that the 
lack of thiolate signal is not an artifact of sample 
preparation. 
Static secondary ion mass spectrometry (SSIMS) has 
also been used to analyze this adsorbate system, but 
the resultant spectra were dominated by fragmenta- 
tions, clusters, and gold atom adducts rather than 
intact ions of the adsorbate 114, 151. The capability of 
LD-ITMS to detect intact adsorbate ions desorbed from 
these surfaces with little or no fragmentation, cluster- 
ing, or adduct formation makes the former superior to 
SSIMS in terms of spectral simplicity. 
Unlike SAMs, many surfaces require the use of 
ultrahigh vacuum techniques to prevent contamination 
from background gas adsorption during analysis. 
Given the need for a 10e4 torr pressure of helium 
buffer gas during analysis, parts per million impurity 
levels in the helium could lead to contamination of 
more reactive surfaces such as clean metals or semi- 
conductors. The use of demonstrated methods of ultra- 
purification of the helium [16] would render LD-ITMS 
suitable for the analysis of such reactive surfaces. 
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